Translation of localized mRnas is an important mechanism for controlling spatially discrete cellular processes. The polarity protein Par-3 is locally translated in axons in response to factors such as nGF and netrin-1, and this increased expression is necessary for factor-stimulated axonal outgrowth.
How is cell polarization initiated and regulated in response to extracellular signals? So far, research has focused mainly on the regulation of polarity proteins that remodel cell morphology, but translation of localized RNAs can also influence the response of cells to signals. On page 1024 of this issue, an elegant study by Hengst et al. links these two aspects by demonstrating that in certain neurons the localized translation of the Par-3 polarity protein is induced by factors that stimulate axonal growth, and that this induction is essential for factor-promoted growth 1 . Axonal pathfinding can be considered to be a form of cell polarity in which the growth cone extends in a directional manner, in response to attractive or repulsive cues. Outgrowth occurs at variable rates, depending on these cues. For example, both nerve growth factor (NGF) and netrin-1 can stimulate outgrowth above a basal, factor-independent rate, but how they accomplish this stimulation has been unclear. Immature axons are uniquely capable of local translation from axonally-enriched mRNAs. To study this process, the Jaffrey laboratory 1 used a clever experimental system in which rat embryonic dorsal root ganglia (DRG) are cultured in microfluidic chambers that enable the compartmentalization of axons separately from the cell bodies 2 . Remarkably, RNA interference is functional in growing axons, and the selective introduction of short interfering RNAs (siRNAs) can silence expression in a spatially discrete manner 3 . Using this microfluidics chamber to inhibit protein synthesis only within the axons, Hengst et al. demonstrated that this local translation is essential for factorstimulated outgrowth 1 . A number of mRNAs have been identified in axons 2 , and there may be hundreds more, but in this study Hengst et al. focused on polarity proteins that had been implicated in axon specification in vitro.
They detected Par-3 mRNA in DRG axons, and found that after severing the cell bodies, treatment of axons with NGF induced a significant increase in axonal Par-3 protein. Moreover, specific depletion of Par-3 mRNA, by the introduction of siRNAs into the axonal compartment, blocked NGF-dependent Par-3 protein expression and prevented NGF-stimulated axon outgrowth. Importantly, however, depletion of Par-3 had no effect on basal growth rates. Additional experiments using spinal cord explants and dorsal spinal commissural neurons, which respond to netrin-1, supported the conclusion that factor-stimulated axonal outgrowth requires localized Par-3 translation.
Par-3 is a large, multi-domain scaffold protein that binds to another polarity protein, Par-6, and is phosphorylated by atypical protein kinase C (aPKC) 4 . These proteins have been highly conserved through metazoan evolution and possibly arose in animals to organize an epithelium, subsequently expanding their repertoire of functions as evolving body plans became more complicated 4, 5 . In addition to establishing apical/basal polarity in epithelial cells, these proteins control asymmetric divisions, and some types of oriented cell migration. In vertebrates, they have also been implicated in axon specification and in the polarization associated with dendritic spine morphogenesis. It is conceivable that they also function in other processes not directly related to polarity, such as apoptosis and the cell cycle 6, 7 . How can the same proteins have so many effects, and organize changes in the morphology of entire cells? Several outputs from the Par proteins are likely to exist, although their ultimate effects on the cell often involve the regulation of actin remodelling and microtubule dynamics. Both cytoskeletal elements are intrinsically asymmetric and not only control cell morphology at a structural level, but also regulate intercellular adhesion, vesicle traffic, RNA localization and cell division. In addition, there are multiple layers in the control of Par protein activity. Context-dependent protein interactions allow Par proteins to control different signalling pathways in different cell types, or at a different time or place within the same cell. For example, Par-3 associates with a protein called Inscuteable in fly neuroblasts and in mammalian keratinocytes, which in turn ensures the correct orientation of the mitotic spindle 5 . But Par-3 also controls the distribution of cell fate determinants in neuroblasts through a distinct pathway involving Par-6, aPKC and another polarity protein, Lgl 5 . Multiple kinases can phosphorylate Par-3 or Par-6, modifying their activities, and some might be specific to particular circumstances, such as the stimulation of cells by receptor tyrosine kinases or intercellular adhesion 4 . Differential expression of Par proteins could also affect polarization, but so far has not been studied extensively. The par genes appear to be ubiquitously expressed, although various isoforms of par-6, apkc and lgl present in vertebrate genomes show distinct tissue distributions 8 . Hengst et al. highlight one interesting mechanism to control expression -local, signal-activated translation of Par-3. Surprisingly, neither Par-6 nor aPKC mRNAs were detected in the axons.
RNA localization and local translation are important drivers of cell polarization in several contexts, and have been intensively studied in the Drosophila melanogaster oocyte, in budding yeast and in vertebrate neurons 9, 10 . The local translation of proteins at synapses might have a key role in long-term memory formation 11 . Recently, RNA localization has also been shown to regulate apical/basal polarization in epithelia. The mRNA for the formin diaphanous is apically localized in Drosophila epithelial cells 12 and mRNAs for two epithelial-specific polarity proteins, Crumbs and Stardust, are also enriched near the apical surface 13, 14 . Notably, only certain splice variants of Stardust mRNA are localized, and these are expressed only early in epithelial development 13 , adding a temporal component to the spatial regulation. 
The results described in the paper by Hengst et al. introduce new questions. For instance, why do NGF and netrin induce the translation of Par-3 but not of Par-6 or aPKC? One possibility is that the Par-6-aPKC complex in developing axons is normally inhibited by association with Lgl, and that NGF-or netrin-mediated stimulation produces sufficient Par-3 to displace Lgl 5 . Several groups have demonstrated the phosphorylation of Par-3 by aPKC, and it would be interesting to test if stimulated axonal outgrowth could be rescued in Par-3 siRNA-treated neurons by a nonphosphorylatable mutant of Par-3, particularly given that a constitutively active variant of aPKC is expressed in neurons. Alternatively, increased levels of Par-3 might sequester the Rac exchange factor Tiam1, and alter the spatial distribution of Rac-GTP within the growing axon 4 . In addition, Par-3 has recently been found to bind the exocyst, so its increased expression might promote the delivery of vesicles to produce new plasma membrane during axonal outgrowth 15 . The authors suggest that Par-3 regulates the phosphorylation of GSK3β, which is known to control microtubule stability in the growth cone. However, in other investigated systems, the Par-6-aPKC complex, and not Par-3, regulates GSK3β phosphorylation 7, 16 . In addition, in the DRG axons, Par-3 is present in puncta along the length of the axon, rather than being enriched in the growth cone.
One other puzzling aspect of the data is that Par-3 is constitutively present in the axons, NGF or netrin-1 inducing only a relatively small increase (1.3-2-fold) in its axonal concentration. It remains unclear if this increase would be sufficient to trigger signalling changes to increase axonal outgrowth. However, the localized Par-3 transcript might represent a splice variant that has a unique function in the developing axon. The mammalian Par-3 gene can encode at least 20 splice variants that alter the open reading frame, and an unknown number of others that might change the 3 UTR. Nothing is known about most of these variants, other than that some lack aPKC phosphorylation sites and others lack the amino-terminal oligomerization domain or the carboxy-terminal region. Alternatively, newly synthesized Par-3 may behave differently than pre-existing Par-3 that has been post-translationally modified.
During its synthesis, it might also be available to interact with binding partners that cannot associate with a fully folded form.
Another question concerns how Par-3 expression is regulated in the axons. What is the 3UTR motif that targets Par-3 mRNA to axons? Is this motif neuron-specific? Is it unique to Par-3 or are other mRNAs localized by the same mechanism? And what are the factors involved in activating the translation of Par-3 mRNA downstream of NGF and netrin-1? Whatever the answers, the data in hand confirm that the Par proteins are components of a pivotal signalling node that controls many functions other than classic cell polarization, and that they are subject to many layers of sophisticated regulation. The data also further strengthen the view that the regulated translation of localized mRNAs is a widespread and essential process in morphogenesis. SASP includes a number of inflammatory cytokines that function in different ways to drive a communication flow between senescent cells and their neighbours, thereby modulating tumour growth and malignancy (Fig. 1) . They include chemokines such as interleukin 8 (IL-8) and other chemokine receptor 2 (CXCR2) ligands that reinforce growth arrest of senescent cells in a positive feedback loop through their ability to boost the DDR 4 . Other secreted proteins, such as IGFBP7, IL-6 and PAI-1, are involved in the induction of senescence by inhibiting proliferative and mitogenic pathways [5] [6] [7] . In addition to these tumour-suppressing functions, increasing evidence also points to a tumour-promoting role of these secreted factors: IL-6 and IL-8 are able to induce epithelial-mesenchymal transition, invasiveness, tumour growth and angiogenesis 7 , and IL-6 has also been reported to promote malignancy by fuelling the renewal of stem and progenitor cells 8 . Other factors secreted by senescent fibroblasts, such as MMP-3, alter the differentiation of epithelial tumour cells 7 . These two opposing effects of SASP can be reconciled: the tumour-suppressing role generally functions in a cell-autonomous fashion (by enforcing senescence), whereas its tumourpromoting actions tend to be mediated by cellnon-cell-autonomous mechanisms. But there are exceptions: senescent cells in a tumour secrete the inflammatory cytokines Csf1, Mcp1, Cxcl1 and IL-15, which trigger an innate immune response favouring tumour cell clearance and cancer regression 9 . Campisi previously described how senescent cells can alter their microenvironment by secreting biologically active peptides 10 . In their recent study, Campisi and colleagues have taken this further by showing that human fibroblasts exposed to different doses of ionizing irradiation promptly accumulate characteristic foci of DDR factors at sites of DNA damage
